619th MEETING. CAMBRIDGE 1 I25 after thawing they were first diluted and washed by centrifugation in the cold with buffered 5 mM-EDTA (pH 7.4), to remove all Mg'+, followed by two washes with 5 mM-Hepes (adjusted to pH 7.4 with NaOH). After resuspension, the membranes were divided into several aliquots, with or without MgClz or other additions. The progress of the ATP-[ I HIADP exchange and [y"P]ATPase reactions was then measured in the same samples with and without EGTA, either with 'initial' and 'final' tubes in triplicate or as timecourses. This procedure makes it possible to allow for the effect of changing nucleotide concentrations, due to ATP hydrolysis, in the calculation of the ATP-ADP exchange rate (Cavieres. 1983). The separation of the nucleotides and P, in the boiled samples was performed by thin-layer chromatography on polyethyleneimine-cellulose sheets.
I .5 mM-MgClz, with and without 500 PM-EGTA and with and without 200pM-LaC1,, showed a Ca'+-dependent ATP ADP exchange of (mmolih per litre of original cells) 0.426 f 0.027 (mean f s.E.. eight time points) with Mg'+ and 0.017 f 0.006 without. The Ca'+-dependent ATPase activities were 0.655 f 0.013 and -0.017 f 0.016, respectively. La'+ inhibited the Ca'+ -dependent ATP-ADP exchange and ATPase activities by 28% and 75%. respectively, in the presence of Mg" , but was without effect on the small exchange activity remaining without Mg'+. The ME'+ and La'+ effects on the Ca'+ -dependent ATPase activity are similar to those reported by others (see Schatzmann. 1982) . The stimulation of the enzyme by CaM did not change the Mg2+ requirement for ATP-ADP exchange. At 16pg/ml, CaM stimulated the small Ca'+ -dependent ATP-ADP exchange in the absence of Mg" by a factor of 3, but 1.5mM-MgC1, did in turn multiply this by a factor larger than 30.
I t was possible that the Mg'+ effect was an artefact arising from the binding of some EDTA to the membranes, after their initial wash. Thus, only those aliquots receiving Mg2+ during the 37°C incubation would have had enough Caz+ available by displacement from the contaminating EDTA. This possibility was tested by including two washes with I mM-CaCl' after the EDTA wash and before the Hepes washes, a procedure which should remove all contaminant EDTA. The resulting Ca'+-dependent ATP-ADP exchanges (same units) were 0.807 f 0.029 with 1.5mM-MgClz and 0.045 f 0.01 1 without (triplicate initials and finals). Thus, the Mg'+ stimulation of the exchange seems to be a genuine effect. One possible interpretation for the Mg'+ requirement of ATP-ADP exchange is that, at 37"C, ADP is released mainly from E,P. In other words, that a reversible conformational transition in the phosphoenzyme occurs with mainly the ADP-bound form, i.e. E,P(ADP) g E2P(ADP). The small but consistent ATP-ADP exchange found in the absence of Mg2+ would then be due to ADP release from E, P and this may presumably be the only path available for reversal at 0°C. This scheme would also explain the partial inhibition observed with La7+ ions. It is then possible that ADP and P, release, as well as the unloading of Ca'+ at the external aspect of the membrane, occur all in relation to the same enzyme form of the Ca pump. In previous work it was shown that a phosphatidylinositol (Ptdlns)-specitic phosphodiesterase increased the acetylcholine responses of isolated skeletal muscles via an action which was probably to increase the availability of nicotinic receptors (Turner & Smith, 1985) . Other workers have demonstrated the release. in response to nerve stimulation, of substances which can control acetylcholine receptor number (Younkin 1'1 al., 1978). In a previous study we showed that a Ptdlns phosphodiesterase, which hydrolysed isolated [ I HIPtdlns, was released after electrical stimulation of the phrenic nerve in an isolated nerve-diaphragm preparation (Morgan-Harrison P I al., 1984). In the present study we investigated the properties and origin of the released enzyme. In addition we demonstrated its ability to hydrolyse sarcolemmal [' HIPtdIns, which is it's likely physiological substrate in the postsynaptic membrane. Male rats of 200g body weight were killed by anaesthetization with diethyl ether and the diaphragms were dissected out. The innervation arcs of the diaphragm were visualized by placing the muscle on ice, on an illuminated tray. The endplate-rich area was obtained by dissection with Abbreviation used: Ptdlns. phosphatidylinositol a scalpel approx. 2 mm either side of the arcs. Cytosol was prepared as described previously .
In experiments to collect enzyme released by nerve stimulation the diaphragm was dissected out together with the phrenic nerves. The muscle was divided into the hemidiaphragms and both were secured to an organ bath containing 10 ml of oxygenated Krebs-Henseleit solution, via ligatures through rib remnants left attached to the preparation. The central tendon was attached by a ligature to a strain gauge (Dynamometer U F I ) and the preparations were rinsed. The nerve was stimulated supramaximally via bipolar silver electrodes at 1.5 Hz, using a Grass Instruments S8 stimulator connected to an isolation unit, for 20min at room temperature. The impulse activity in the nerve was monitored by recording the muscle contractions. Control preparations were incubated without stimulation for the same time period. The bathing medium was collected at the end of the incubation period and dialysed against deionized water containing 5 mwcysteine which stabilizes the enzyme. I t was then frozen at -20' C and freeze-dried. The dried samples were recovered in 2ml of deionized water, centrifuged for 5 min (MSE bench centrifuge) and the supernatant retained for enzyme determinations. In some experiments the collected medium was partially purified by fractionation between 40% and 80% saturation with ammonium sulphate. The suspended precipitate was then dialysed against deionized water containing 5 mwcysteine.
The enzyme activity was determined using isolated and Vol. 14 BIOCHEMICAL SOCIETY TRANSACTIONS membrane-bound PtdIns. The preparation of isolated [' HIPtdIns and the determination of PtdIns phosphodiesterase, using this substrate, was described previously [' HIPtdIns incorporated into isolated sarcolemmal membranes was prepared using PtdIns-transfer protein as already described (Shute et al., 1985) . When the latter substrate was used the incubation mixture contained 135 mM-NaCl in 25 mM-Tris/HCI (pH 7.6), CaCI, (0.04 mM), acetylcholine (55 p~) , labelled membranes (0.2-1 .O pglml) and enzyme preparation in a final volume of 0.5ml. The reaction was started by addition of the enzyme or, in the case of the control incubations, the equivalent amount of Krebs-Henseleit solution which had been treated in the same way as the bathing medium. Incubation was for 20min at 37°C. The reaction was terminated by addition of excess EDTA (IonM). Aliquots of the mixture were filtered on HAWP millipore filters (pore size 0.45 pm). The filters were washed with 30 ml of 100 mM-NaCl/Tris/HCI, pH 7.4, and the labelled membranes retained on the filter were taken for liquid scintillation counting (Beckman LS7500) at 30% efficiency.
Cytosol prepared from the endplate-rich and the endplatefree regions of the diaphragm hydrolysed 66.9 f 6.4 (n = 4) and 40.6 6.7 (n = 4) nmol of isolated ['HIPtdIns/mg of protein respectively. Thus the enzyme activity was relatively enriched in the nerve terminal regions of the preparation.
The enzyme released upon stimulation of the phrenic nerves hydrolysed 5.0 f 1.4 nmol of isolated substrate per min (net hydrolysis for the enzyme activity released from two nerve-hemidiaphragm preparations). The released enzyme and that in nerve cytosol exhibited similar properties; when isolated PtdIns was the substrate it had a Ca2+ requirement in the millimolar range and the activity was optimum at pH 5.5. The bathing medium collected after nerve stimulation only produced significant hydrolysis of the sarcolemmal [' HIPtdIns after partial purification by ammonium sulphate fractionation. Furthermore, the total activity of the nerve cytosol towards this substrate was increased 1 .Sfold after ammonium sulphate fractionation. Thus an inhibitor is present in nerve cytosol and this inhibitor appears to be released after nerve stimulation. Both the released enzyme and the nerve cytosol enzyme were inhibited by Ca2+ concentrations in the millimolar range and stimulated by concentrations 100-fold lower, when the membrane-bound substrate was used.
We have demonstrated the impulse-dependent release of PtdIns phosphodiesterase activity from phrenic nervediaphragm preparations. The released enzyme degraded sarcolemmal Ptdlns, as well as isolated Ptdlns, and could therefore have a role at the neuromuscular junction to influence the postsynaptic membrane. Gastric acid secretion has been shown to be mediated by the H + /K + -ATPase enzyme present in the apical membrane of the parietal cell (Ganser & Forte, 1973; Forte & Lee, 1977; Smolka et al., 1983) . A knowledge of the structure of the enzyme is important for an understanding of its function. To this end, Fourier transform infrared studies have been carried out on some membrane-bound gastric H + / K + -ATPase preparations suspended in H,O and * H 2 0 .
Freeze-dried samples, retaining enzymic activity, were obtained from pig gastric mucosa using a previously described method (Keeling et al., 1985) , whilst a slightly modified version, omitting the final freeze-drying step, was used to obtain intact vesicles. Samples were examined in a heatable cell fitted with CaF, windows. Spectra were recorded on a Perkin-Elmer 1750 spectrometer equipped with a waterjacketted cell holder. The sample compartment was continuously purged with dry nitrogen. Difference spectra were obtained by subtraction of buffer spectra from corresponding sample spectra. Second-and fourth-derivative spectra were calculated from the difference specra using software supplied by Perkin-Elmer.
Difference and second-derivative spectra of the intact vesicles in H*O are shown in Figs. I(a) and I(h) respectively. Based on previously published work on proteins and lipids (Susi & Byler, 1983; Levin et al., 1982) , the main bands in Fig. I(b) can be assigned as follows: the strong amide 1 band at 1656cm ' to a-helical and/or disordered conformations; the weaker amide I bands at 1683 and 1639cm I to a P-sheet conformation; the bands at 1745 and 1727 cm I to carbonyl groups of the sn-I and sn-2 lipid chains respectively. The amide I1 band at 1550cm cannot be unambiguously attributed to a particular conformation.
Spectra of a freeze-dried sample in ' H 2 0 are shown in Figs. I(c) and I(d). These spectra were obtained 6 h after the addition of *H,O to the sample, during which time H/*H exchange, as monitored by the disappearance of the amide I1 band, had reached equilibrium; in fact spectra recorded after 48 h were virtually identical with those recorded after 6 h. From 1750 to 1600 cm I the second-derivative spectrum (Fig. Id) is very similar to the corresponding spectrum of the intact vesicles in H,O (Fig. Ib) . The main difference is a shift in the band attributed to ,+sheet from 1639cm ' to 1635cm-' with a concomitant increase in band width. The absence of any shift in the band at 1656 cm I towards lower frequency suggests that it is largely due to cr-helical conformations which are relatively inaccessible to ,H,O.
On H/,H exchange, the band arising from a disordered conformation is expected to shift to -1643cm [ I (Susi et a/., 1967) . Interestingly, no distinct feature is observed near 1643cm-' in Fig. l(d) . This suggests the presence of only a relatively small amount of a disordered confor-
